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ABSTRACT

Based on the NCEP/NCAR reanalysis I daily data from 1958 to 2002, climatic characteristics of the
30-60-day intraseasonal oscillations (ISOs) of the zonal wind (u), meridional wind (v), and geopotential
height (h) over global areas and especially the ISO of v over the subtropical northern Pacific are analyzed
using the space-time spectrum analysis and wavelet transform methods. The results show that the ISO
of v is very different from those of u and h, with the former representing the meridional low-frequency
disturbances, which are the most active in the subtropics and mid-high latitudes, but very weak in the
tropics. In the subtropical Northern Hemisphere, the energies of the ISOs of u and h are both concentrated
on the waves with wave number of 1 and periods of 30-60 days, while the main energy of the ISO of
v is concentrated on the waves with wave numbers of 4-6 and periods of 30-60 and 70-90 days. The
westward propagating energies for the 30—60-day oscillations of u, v, and h are all stronger than the eastward
propagating energies in the subtropics. In addition, the ISO of v is the strongest (weakest) in summer
(winter) over the subtropics of East Asia and northwestern Pacific, while the situation is reversed over the
subtropical northeastern Pacific, revealing a “seesaw” of the ISO intensity with seasons over the subtropics
from the northwestern to northeastern Pacific. In the subtropical northwestern Pacific, the interannual
and interdecadal changes of the ISO for v at 850 hPa indicate that its activities are significantly strong
during 1958-1975, while obviously weak during 1976-1990, and are the strongest during 1991-2000, and its
spectral energy is obviously abnormal but ruleless during the ENSO periods. However, in the 2—7-yr band-
pass filtering series, the interannual changes of the v ISO over the subtropical northwestern Pacific contain
distinct ENSO signals. And in the 9-yr low-pass filtering series, the v ISO changes over the subtropical
northwestern Pacific are significantly out of phase with the changes of the Nino-3.4 SST, whereas the v ISO
changes in the subtropical northeastern Pacific are significantly in phase with the changes of the Nino-3.4

SST.
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1. Introduction

People’s understanding of the extratropical 30—
60-day intraseasonal oscillations (ISOs) is still poor,
especially the independence and importance of ISO in
the subtropics, though there are a lot of studies (Mad-
den and Julian, 1971, 1972) on the climate character-
istics of the tropical MJO (Madden and Julian oscil-
lation). Comprehensive research on space-time char-
acteristics of the subtropical ISO is lacking. A num-
ber of studies (e.g., Krishnamurti and Gadgil, 1985)
have proved that ISO exists in the extratropics. Ini-

tially, the extratropical ISO was interpreted as a kind
of response to the forcing from the tropical ISO (An-
derson and Rosen, 1983; Magana and Yanai, 1991).
However, a large number of investigations reveal that
the extratropical low-frequency oscillations are differ-
ent from the MJO in the tropics and have their own
independent origins (Liebmann and Hartmann, 1984;
Murakami, 1988; Hsu et al., 1990). Simmons et al.
(1983) found that linear unstable waves with a period
of about 50 days exist in the barotropic linear pattern
of 300-hPa circulation in the Northern Hemisphere in
winter, and they believed that the energy of the
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extratropical ISO comes from the unstable barotropic
mode of the basic flow. The studies of Ghil and Mo
(1991) and Jin and Ghil (1990) both showed that
the interactions between the large-scale disturbances
in the extratropics and the topographic forcing can
give rise to ISO. Dickey et al. (1991) found that the
ISO of the atmospheric relative angular momentum in
midlatitudes of the Northern Hemisphere shows an at-
tribute of propagating to the equator, indicating that
the ISO exists independently in the extratropics and
it can influence the tropical atmosphere. The research
of Chinese scholars also showed the independence and
importance of the subtropical ISO in East Asia (Chen
and Xie, 1988; He and Yang, 1992; Sun and Chen,
1988; Xu et al., 1999). Relevant studies revealed that
the 30-60-day atmospheric oscillations in the subtrop-
ical East Asia in summer mainly propagate westward
(Chen and Xie, 1988). On the other hand, the sub-
tropical East Asia is where the ISO propagating north-
ward converges with the ISO propagating southward
(He and Yang, 1992). Moreover, special ISO activities
exist over the Tibetan Plateau (Sun and Chen, 1988),
and their frequency and amplitude are related to the
stability of the atmosphere and the topographic forc-
ing of the plateau (Xu et al., 1999), in which the topo-
graphic differences make the frequency discrepancy in
the meridional propagation of ISO over the southern
and northern slopes of the plateau.

The ISO activities in the subtropical northern
Pacific directly influence the summer drought/flood
in eastern China (Li, 1992; Chen et al., 2001; Han
et al., 2006). For example, during the flood season
in North China, the ISO in the northwestern Pacific
is stronger; while under drought conditions, the ISO
there is weaker (Li, 1992). The 1998 summer great
flood in the mid and lower reaches of the Yangtze River
is related to frequent ISOs propagating westward from
the northwestern Pacific (Chen et al., 2001). Han et al.
(2006) studied the summer drought/flood occurrences
in eastern China during 1958-2000, and found that
when heavy precipitation took place, the westward
propagation of ISO in the meridional wind (v) field
from the northwestern Pacific along the same latitudes

was active; but when drought conditions dominated,
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the westward propagation of ISO was weak or even
interrupted. Recent research (Ju et al., 2007) showed
that the northward summer monsoon surges from the
tropical South Asia combined with the zonal propa-
gating ISO from the northwestern Pacific can lead to
heavy precipitation in the mid and lower reaches of
the Yangtze and Huai River basins, and moreover, the
zonal propagating ISOs are likely to control the posi-
tion of the large-scale rain band in China.

An important investigation revealed the global ki-
netic energy distributions of the zonal mean ISO (Li,
1993). But the ISO discrepancies at different zones
after removing the latitude differences are still not
clear. Therefore, the basic elements such as wind
and geopotential height are standardized in our study
in advance, and the space-time characteristics of ISO
in the meridional wind v are analyzed and compared
with those of other elements (zonal wind v and geopo-
tential height h) in this paper. In addition, different
from most of the past ISO studies, the current study
uses a two-dimensional space-time spectrum analysis
method (Hayashi, 1982; Huang and Li, 1984; Chen
et al., 2000) to do the filtering of data. Though past
studies took into consideration the temporal fluctua-
tion of variables at individual points of a space do-
main, they ignored the relationship between the fluc-
tuations of each variable in the space and time series.
The two-dimensional space-time spectrum analysis has
a remedy for this and is advantageous to the under-
standing of the dynamic propagating characteristics of
ISO. Dong et al. (2004) used this method to study the
ISO space-time characteristics of 850-hPa zonal wind
and OLR in the tropics, and found that in the active
regions of MJO, such as the Indian Ocean and the
tropical western Pacific, the MJO is the most active
in summer, and it is fairly weak in spring and autumn.

Because the ISO sources in the extratropics and
tropics are different and the activities of the ISO for
v in the subtropical northern Pacific in summer have
important influences on the drought/flood situation in
eastern Asia (Han et al., 2006), and at present, under-
standing of the characteristics of the meridional low
frequency disturbances in the wind field is still lack-

ing, this paper employs the two-dimensional space-
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time spectrum analysis and wavelet analysis methods
to make an in-depth analysis of ISO over the subtropi-
cal Northern Hemisphere, especially the climate char-
acteristics of the v ISO in the subtropical northern
Pacific, and compares these with the climate charac-
teristics of the ISO of other elements revealed by pre-

vious studies.
2. Data and methodology

The daily wind and height fields of NCEP/NCAR
reanalysis data I (Kalnay et al., 1996) from 1958 to
2002 are used. The data have a horizontal resolution of
2.5°x2.5°. At first, they are standardized for compar-
ison of the ISO activities at different latitudes. Then
the data are treated with pentad average in order to
reduce the computation load in the space-time spec-
trum analysis and the wavelet analysis. The methods
adopted in this paper are described as follows:

(1) Two-dimensional space-time spectrum anal-
ysis. The space-time spectrum of ISO is calculated
by this method, and the paper analyzes the distribu-
tions of all kinds of variation energy based on the wave
number and frequency, and verifies the main energy
features of the traveling and standing waves on the in-
traseasonal time scale. Meanwhile, the paper uses this
method to filter the original data, to keep the large-
scale spatial fluctuations with wave numbers of 1-6,
and to maintain the temporal oscillations with peri-
ods of 10-90 days.

(2) Wavelet analysis. The Fourier transform is
used to spread the time series on the frequency do-
main, and translate the time series into the waves with
different frequencies, and then deduce the mean en-
ergy of a time series for each frequency wave and its
percentage to the total wave energy. However, the
Fourier transform cannot offer the variation informa-
tion of the energy of waves with time. Therefore, the
wavelet analysis is used to open the frequency win-
dow of the element time series at some moments. The
The detailed

calculation is carried out according to the method in-

Morlet wavelet is used in this paper.

troduced by Torrence and Compo (1998).
(3) Band-pass and low-pass filtering. With the
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fast Fourier transform filtering method, the paper ob-
tains climatic information on the ENSO cycle time
scale (2-7 yr) and the interdecadal time scale, based
on the monthly Nino-3.4 SST departure index and the
30-60-day spectral energy time series drawn from the

wavelet analysis.

3. The meridional intraseasonal disturbances

in the subtropics

A two-dimensional space-time spectrum analysis
has been conducted on the daily data series for each
year and the spatial series at every grid along certain
latitudes, for meridional wind speed (v), zonal wind
speed (u), and height (h) from 1958 to 2002. Note that
for comparison of the space-time spectrum of the ISO
at different latitudes, the data are firstly treated by
standardization. After the space-time spectrum anal-
ysis, the percentage of 30-60-day ISO spectral energy
(power spectrum or variance) to the total spectral en-
ergy (the sum of the spectral energies of all waves)
of the atmosphere can be obtained, and is called the
variance ratio or variance contribution rate. It should
be noted that the result of the space-time spectrum
analysis represents an average state of the space-time
series (all days in one year and 144 grids along a lat-
itude circle herein) according to the requirement to
minimize boundary errors in the Fourier transform of
the space-time spectrum analysis.

The distributions (figure omitted) of ISO variance
ratios of u, v, and h along separate latitudes at 850 and
200 hPa show that the variance ratios at high pressure
levels are all bigger than those at lower pressure levels,
and among them, the distributions of the variance ra-
tios of w and h are similar: both of them are bigger in
the equatorial belt and smaller in the subtropical zone.
However, the ISO variance ratio of v exhibits peak val-
ues at the subtropical zone, and it is very weak at the
equator and the zones around the equator. Therefore,
it is inferred that the ISO of meridional disturbances
in the wind field is active in the subtropics, but less
energetic in the tropics.

Figure 1 shows the height-latitude variance ratio

distributions of the 30-60-day oscillations of v and wv.
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Fig. 1. Height-latitude sections of ISO variance ratios of normalized (a) zonal wind and (b) meridional wind.

Considering the computation efficiency and the data
discontinuity in the NCEP reanalysis around 1979,
Fig. 1 represents the annual average situation dur-
ing 1980-2002.

Figure 1a shows that the spectral energy of the u
ISO in the troposphere is mainly distributed on the
high levels above 300 hPa, in which the maximum
variance ratios are located around the equator be-
tween 20°S and 20°N and with the center value above
25%, and the next high value center is located within
40°-60°N. On the low levels of the troposphere, the
variance ratios of the u ISO reach maximum between
22°S and 22°N, and they are smaller in other latitudes,
and remarkably small at lower levels between 25° and
50°N. The variance ratio distribution of the h ISO is
similar with that of u (figure omitted). Different from
that, on the mid and lower levels of the troposphere
(Fig. 1b), the spectral energies of the v ISO are ob-
viously smaller over the equator, and their variance
ratios are mostly no more than 10% between 10°S and
10°N; however, a high value center is found in the sub-
tropical zone of 20°-30°N and the variance ratios are
slightly lowered at 30°-50°N, but they are still higher
than that over the equator. As in the u field, the vari-
ance ratios of the v ISO are also bigger on high levels
than on low levels in the troposphere. In a word, for
v, a variable representing the northward/southward
disturbances of the wind field, the variance ratio dis-
tribution of its ISO with latitude is quite different from
those of v and h.

4. Space-time characteristics of the subtropical

ISO

4.1 Interseasonal variations

In this study, we analyze the standardized and
pentad time series data of 850-hPa v from 1958 to 2002
using the Morlet wavelet method, and then obtain ISO
wavelet energy (square of wave amplitude) in four sea-
sons averaged for 45 yr, including winter (December,
January, and February), spring (March-May), summer
(June-August), and autumn (September-November).
Figure 2 shows distributions of ISO wavelet energy of
850-hPa v for the four seasons in the subtropical re-
It is clear that
the prevailing ISO gradually shifts between Northeast

gions from eastern Asia to Pacific.

Pacific and Northwest Pacific with seasons (Fig. 2).
The strongest ISO appears in summer in the subtrop-
ical regions from eastern Asia to northwestern Pacific.
But as a whole, the strongest ISO wavelet energy ap-
pears in northeastern Pacific in winter. In the south of
30°N from eastern Asia to northwestern Pacific, ISO
energy is the strongest in summer, followed by that in
autumn, and it is the weakest in winter and spring.
On the contrary, in the northeastern Pacific, ISO en-
ergy is the strongest in winter, the second strongest
in spring, and the weakest in summer and the second
weakest in autumn. Hence the variations of the v ISO
intensity with seasons shifting in the two areas take

on a “seesaw” pattern.
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Fig. 2. Seasonal distributions of ISO wavelet power spectra averaged from 1958 to 2002 for normalized meridional wind

at 850 hPa for (a) winter, (b) spring, (c¢) summer, and (d) autumn.

4.2 The space-time spectrum structure of the

zonally propagating IS0

Figure 3 shows the space-time spectra of 850-hPa
h,u, and v averaged between 20° and 30°N with a
period range of 10-90 days and wave numbers of 1-8
(wave number 0 represents the zonal average, and will
not be discussed in this paper). It represents the dis-
tribution structure of the ISO spectrum energy along
an entire latitudinal circle averaged for 45 yr from 1958
to 2002. The left panels in Fig. 3 are for the waves
propagating westward and the right panels for the
waves propagating eastward. The wave components
with the same wave number, same amplitude, and
same frequency but opposite travel directions (east-
ward vs. westward) will form standing wave (Hayashi,
1982). When the ratio of the power spectra with the
same wave number and the same period in the left and

right panels is closer to 1, the proportion of the stand-

ing waves is bigger. Figures 3a-d show that 30-60-day
low-frequency oscillations of h and u are comparatively
significant with 10-90-day periods, and both have the
biggest energy concentrated on the wave numbers 1—
2, which is consistent with the past research results
(Chen et al., 2000).

westward propagating ISOs of h is somewhat similar

The strength of eastward and

to that of w in the wave numbers 1-2 and periods of
30-90 days (Figs. 3a, b). The strength of the west-
ward propagating ISO of u is obviously stronger than
that of its eastward propagating counterpart, and in
the wave numbers 1-2, the fluctuation energy ratio of
westward to eastward propagation spans from 5:4 to
2:1. This indicates that there are still some westward
traveling waves in spite of the standing waves occupy-
ing an outstanding proportion (Figs. 3c, d). Figures
3e and 3f show that the spectrum structure of v in the

low-frequency oscillations is very different, in which
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Fig. 3. Structures of the space-time power spectra of westward (left panels) and eastward (right panels) propagating
waves for 850-hPa height (a, b), zonal (c, d) and meridional (e, f) winds during the period of 1958-2002 (power spectra
times 10° and averaged between 20° and 30°N). All variables are standardized and 5-day averaged before the space-time

spectrum analysis and smoothing.

the 30-60-day oscillations are also very prominent, and
the biggest energy is concentrated on the wave num-
bers 5—6. This means that the space scale of the merid-

ional fluctuations is smaller than that of either A or u,

and it may be related to the discontinuous change of
the meridional wind speed along the latitudinal cir-
cle. The westward propagation of the v ISO is ob-

viously stronger than the eastward propagation, and
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the ratio of the two also spans from 5:4 to 2:1. The
space-time spectra of the variables averaged within
32.5°-45.0°N (figure omitted) are basically similar to
the aforesaid spectrum structure of the intraseasonal
waves in the subtropical zone, but the main energy of
the v ISO is concentrated on the wave numbers 4-5,
slightly lower than the wave numbers of the latter (be-
tween 20° and 30°N). This may be associated with the
different meridional circulations distributed separately
in the subtropics and midlatitudes. Since the quasi-
stationary cyclonic and anticyclonic circulations like
the subtropical high always appear in the subtropics
but zonal flows frequently occur in midlatitudes, the
zonal space scale of the meridional wind ISO in the
subtropics is smaller. In general, there are four big
troughs in the midlatitude westerlies in the mid tro-
posphere in summer, and the ridge is not very obvious;
while there are three troughs and three ridges in win-
ter, so the zonal space scale of the midlatitude v ISO
is bigger in winter. Besides, within 32.5°-45.0°N, for
the v ISO, the westward propagating energy is also
stronger than the eastward propagating energy, and
the ratio of the two spans from 5:4 to 9:4, so the pro-
portion of the standing waves is slightly smaller than

the above-mentioned counterpart in the subtropics.
4.8 Characteristics of the ISO daily evolution

In order to understand the influence of the ISO
on the weather in the subtropical zone, we provide
two representative examples of ISO influencing the
weather in this region. Figure 4 shows a comparison
of the daily evolution between the ISO of 850-hPa h
and its original field without filtering. Only the ISO
height contours with values above 0 are given in 1985,
i.e., only the low-frequency high pressure systems are
shown. While for 1998, only the ISO height contours
with values below 0 are given, i.e., only the low pres-
sure systems in the ISO height field are shown. On 1
July 1985 (Fig. 4a), there was a low-frequency high
pressure system accompanying an original high pres-
sure system, whose centers were located in the mid
East Pacific, and the former moved westward later on
6 July (Fig. 4b), but the corresponding original high
pressure system apparently moved southward. Then

the two systems both moved westward obviously from
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11 (Fig. 4c) through 16 July (Fig. 4d), so the orig-
inal low pressure circulation (low-frequency low pres-
sure omitted in the figures of 1985) located in the west
of the high pressure system and accompanying it all
the time, also moved westward and led to the anoma-
lous precipitation in Japan and the continent of East
Asia. For another example, as Figs. 4e-h show, on 16
June 1998, a small low-frequency cyclone was formed
around east of the dateline and centered at 25°N, and
subsequently it gradually shifted northwestward and
enhanced constantly till it turned into a strong low-
frequency cyclone dominating the mid-lower reaches
of the Yangtze River and began to make large-scale
heavy rain in the local region on 21 July (Fig. 4h).
In general, Fig. 4 shows that the evolution of the
low-frequency height field and the original height field
are in the same direction when a strong rainfall case
occurs; the ISOs only account for a small portion of
the original field at the initial stage before a special
weather process, but when the low-frequency system
is vigorously flourishing, the characteristics of the orig-
inal field and the low-frequency field become very sim-
ilar (Han et al., 2006).

4.4 Interannual/interdecadal variations of the
subtropical ISO

The Morlet wavelet time-period power-spectra
analysis (figure omitted) of 850-hPa v averaged over
the subtropical eastern Asia (20°-30°N, 115°-130°E)
in the pentad data time series during 1958-2000 indi-
cates that the wave spectrum energy with a 1-yr period
is the most remarkable. The ISO, whose power spec-
trum has passed the 95% red noise reliability test, also
exhibits an obvious decadal change. The ISO activities
are considerably strong during 1958-1975, very weak
during 1976-1990, and the strongest during 1991-2000.

The results of Dong et al. (2004) and Li and Li
(1998) both showed that the 30-60-day tropical os-
cillations are considerably active during the La Nina
periods, but very weak during the El Nino periods.
The v ISO at 850 hPa over the subtropical north-
ern Pacific also displays abnormal activities during the
ENSO event, but their power spectrum variation is not
definite during the El Nifio/La Nifia period. In or-
der to further understand the subtropical ISO during
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the ENSO cycles, we convert the pentad ISO wavelet
power spectra of the 850-hPa v into monthly data for

oy 1985
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Fig. 4. Comparison of the daily evolution of ISO height with original height on (a) 1 July 1985, (b) 6 July 1985, (c) 11
July 1985, (d) 16 July 1985, (e) 16 June 1998, (f) 1 July 1998, (g) 11 July 1998, and (h) 21 July 1998. The ISO height
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the band-pass filtering of 2-7 yr (Fig. 5a) and low-
pass filtering of 9 yr (Fig. 5b) on the two data series,
respectively. The results of the 2-7-yr band-pass fil-
tering show that the power spectra (the solid curve in
Fig. 5a) of the 850-hPa v ISO averaged in the sub-
tropical northwestern Pacific are stronger during the
El Nino period, and weaker during the La Nina pe-
riod. The correlation of the wavelet power spectra
of the ISO and Nino-3.4 index (shadow in Fig. 5)
reaches 0.22, passing the t-test at the 0.01 confidence
level. The wavelet power spectra (dotted curve in Fig.
5a) of the 850-hPa v ISO averaged in the subtropi-
cal northeastern Pacific (20°-30°N, 180°-130°W) are
not obviously related to ENSO cycles. The 9-yr low-
pass filtering results show that the correlation between
the v ISO power spectrum averaged in the subtropical
northwestern Pacific (solid curve in Fig. 5b) and Nino-
3.4 index reaches —0.32, and the correlation between
the v ISO power spectrum averaged in the subtropi-
cal northeastern Pacific (dotted curve in Fig. 5b) and
Nino-3.4 index reaches 0.26, both passing the t-test
at the 0.01 confidence level. Consequently, it is in-
ferred that the power of the v ISO in the subtropical

ACTA METEOROLOGICA SINICA
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northwestern Pacific has a positive correlation with the
Nino-3.4 index at the ENSO cycle time scale, but the
v ISO activities in the subtropical northeastern Pa-
cific are not obviously correlated with Nino-3.4 index.
Moreover, on the interdecadal time scale, the Nino-
3.4 index has a coherent fluctuation relation with the
v ISO power in the subtropical northeastern Pacific,
and an opposite fluctuation relation with the v ISO

power in the subtropical northwestern Pacific.
5. Summary and discussion

The atmospheric ISO activities over the subtrop-
ical northern Pacific are closely correlated with the
summer precipitation anomaly in the subtropical east-
ern Asia. In this paper, the basic climate character-
istics of the ISO of v over the subtropical northern
Pacific are studied, and some issues meriting in-depth
research and discussion are initiated. The study draws
the main conclusions as follows:

(1) A two-dimensional space-time spectrum anal-
ysis on the daily variables such as wu, v, and h in
each year of 1958-2002 has shown that the climatic
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Fig. 5. Filtering analyses for the monthly ISO power spectra (107 m?s™2) of the 850-hPa v separately averaged in the
northwestern Pacific (solid curve) and northeastern Pacific (dashed curve), and SST anomalies (shaded; °C) in Nino-3.4
region during 1958-2000 from the (a) 2-7-yr band-pass filter and (b) 9-yr low-pass filter. The northwestern Pacific refers
to the area of 20°-30°N, 110°-170°E, and the northeastern Pacific 20°-30°N, 180°-130°W.
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characteristics of ISO (30-60 days) of v from 30°S to
60°N is very different from those of other elements (u,
h). The percentage of the ISO spectrum energies to
the sum of spectrum energies of all waves (i.e., the ra-
tio of ISO variance to total variance) for v is very low
in the equator, but significantly high in the subtropics
and midlatitudes. As the daily series in each year and
the grid series along a certain latitude are concerned,
the variance ratio of the v ISO in the subtropics and
midlatitudes can be over 10%.

(2) The daily ISO evolution over the subtropical
areas from East Asia to northern Pacific indicates that
ISO is weak and indistinct in the atmospheric circu-
lation at the beginning of the summer heavy rainfall
event, but ISO features can turn to be significant later
on. So the ISO energy can form the main part of the
total energy of the atmosphere in a special synoptic
event, and the ISO evolution may even influence the
trend of the circulation development.

(3) For a 43-yr mean state, in the region from the
subtropical East Asia to northwestern Pacific, the ac-
tivity of ISO for 850-hPa v is the strongest in summer,
slightly weaker in spring and autumn, and the weakest
in winter, while in the subtropical northeastern Pacific
the situation is reversed, where the ISO activity is the
strongest in winter, and slightly weaker in spring and
autumn, and the weakest in summer. Meanwhile, the
ISO activity is rather weak in the eastern Asia be-
tween 30° and 45°N for the whole year.

(4) In the subtropical zone south of 30°N, the
space-time spectral energy of the v ISO is mainly con-
centrated on wave numbers 5—6, while the energy over
the subtropical zone north of 30°N is mainly concen-
trated on the wave numbers 4-5. So the propagating
speeds of the ISO in the subtropical zones south and
north of 30°N are different.

(5) During 1958-2000, the v ISO activity at 850
hPa over the subtropical northern Pacific has obvi-
ous interannual and interdecadal variations. Over the
coastal areas of East Asia, the ISO activity is consider-
ably strong during 1958-1976, obviously weak during
1976-1990, and the strongest during 1991-2000. In
terms of interannual variations, the ISO changes in

the northwestern Pacific contain appreciable in-phase
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ENSO signals, but they are out of phase with the
Nino-3.4 index changes on the interdecadal time scale.
Does this mean that the influence of ENSO on the
atmosphere is opposite to the interdecadal change of
the atmospheric ISO over the subtropics? In other
words, do the sea surface temperature changes have
an inverted regulating effect on the long-term trend of
the atmospheric ISO over the subtropics? This would
be worthy of further studies.
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